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Department of Surgery, Haukeland University Hospital, Bergen, Norway. 
Objective: To study operative mortality and long-term survival following emergency operations for abdominal aortic 
aneuyysm. 
Design: Retrospective survey in a university hospital. 
Materials: Two hundred and twenty-seven patients with median age 72 years, (17% women). 
Methods: Founded on data from the Norwegian Registrar's Office, operative mortality and long-term survival was 
estimated using the life-table method. Expected survival for demographically matched subgroups was calculated from death- 
rate tables issued by the Norwegian Central Bureau of Statistics. 
Results: Operative mortality was 41% for the 175 patients with ruptured aneurysms and 17% for the 52 with imminent 
rupture. The 6-year survival rate was 61% for all the successfully operated patients, and not different from that of a 
demographically matched population. For the patients of 72 years or older the 6-year survival rate was 53 %. This was equal 
to that of an age and sex matched population. The younger patients had an observed 6-year survival rate of 64%, which 
was significantly lower than the expected of 84%. The standard mortality rate for this group was 2.25. No statistically 
significant difference in long-term survival was detected between the two age groups. 
Conclusions: Age at the time of the operation for a symptomatic abdominal aortic aneurysm does not seem to influence 
long-term survival. Consequently, ounger patients experience a higher relative mortality compared to the oldeT: 
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Introduction 
Untreated rupture of an abdominal aortic aneurysm 
leads to death in almost every case. The only effective 
treatment is immediate operative repair. A reported 
operative mortality of 50% and a total mortality 
exceeding 80% further substantiates the seriousness of
this condition. 1 The aim of this study was to examine 
operative mortality and long-term relative survival of 
patients operated on for symptomatic abdominal 
aortic aneurysm (i.e. rupture or impending rupture). 
The influence of age on long-term and relative 
survival have been considered. 
Material and Methods 
Operative mortality and long-term survival were 
reviewed retrospectively for 227 patients operated on 
Please address all correspondence to: Steinar Aune, Department of 
Surgery, Haukeland University Hospital, 5021 Bergen, Norway. 
for symptomatic abdominal aortic aneurysms during 
a 20 year period from 1974 to 1993. Seventeen per cent 
of the patients were women. Rupture was confirmed 
in 175 operations, whereas no rupture was found in 
the other 52 patients. Both groups underwent immedi- 
ate operation when the diagnosis was established or 
strongly suspected. 
Patient data were acquired from our vascular 
surgery unit registry. Information concerning time of 
death was obtained from the Norwegian Registrar's 
office for births and deaths. Demographically matched 
expected survival was calculated from death rate 
tables published by the Norwegian Central Bureau of 
Statistics. 2 
Patients urviving more than 30 days following the 
operation were included in the long-term survival 
study. The life-table method was applied and the 
results presented using Kaplan-Meier curves as 
described by Underwood et al. 3 Relative survival was 
estimated by comparing observed survival rate to that 
of a sex and age matched population. Standard 
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mortality rate was calculated to compare observed 
mortality to the expected. The patients were divided 
into two age groups at the median age of 72 years. The 
two subgroups were then investigated separately and 
compared. 
Comparison of long-term survival between sub- 
groups was accomplished by the log-rank test. Statis- 
tical significance of divergent survival from the 
expected was assessed with the Mantel-Haenszel's 
test. 4 Statistical significance of different relative sur- 
vival between subgroups was evaluated with a pro- 
portional hazards test based on a multiplicative 
model. 5 The statistical inferences concern the first 6 
years postoperatively. Due to the few patients left in 
the study, the survival estimates become inaccurate 
after that time. Systat (Macintosh) was applied as 
software for the statistical analyses. 
Results 
The mean age for the patients at the time of operation 
was 71 years (range 30-87). This is 4 years older than 
our electively operated patients during the same 
period. No different age distributions were observed 
between males and females, or between patients 
operated for ruptured aneurysms and those with 
impending rupture. Total operative mortality was 
35%. For patients with ruptured aneurysms the 
operative mortality was 41% and for those with 
impending rupture it was 17%. Equal age distribu- 
tions were found for patients uffering early death and 
for those who survived the first month after the 
operation. Six of the 23 patients older than 80 years at 
the time of operation died within 30 days. 
Median follow up was 12 months for all the patients 
(range 0-200 months). For those who survived the first 
month, median observation time was 38 months. Of 
the 145 early survivors 64 died during follow up, and 
almost half of these deaths were due to cardiovascular 
causes. 
Cumulative long-term survival rate for a l l  the 
successfully operated patients was 61% at 6 years. 
Figure 1 illustrates the similarity between observed 
and expected survival of these patients. In Fig. 2 the 
cumulative observed 6-year survival of 53% is shown 
to equal the expected for patients of 72 years or older. 
Mean age for these patients was 77 years. The group of 
patients younger than 72 years had a mean age of 64 
years. Figure 3 shows the observed and expected 
6-year survival to be 64% and 84% respectively for this 
group. The standard mortality rate was 2.25 and the 
divergent long-term survival from the expected for 
these patients was found to be statistically significant 
(p < 0.01). Long-term survival for the younger patients 
was not significantly superior to that of the older 
group. 
Discussion 
The age and sex distributions in this series were 
similar to those reported in previous papers concern- 
ing surgery for symptomatic abdominal aortic aneu- 
rysm. 6-8 An older mean age for patients undergoing 
urgent operations compared with those electively 
operated is consistent with previous reports. 8"9 The 
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Fig. 1. Six-year observed and expected survival for all the patients 
successfully operated on. Number of patients at risk are indicated 
below the curves. (---) expected survival; ( - -)  observed 
survival. 
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Fig. 2. Six-year observed and expected survival for successfully 
operated patients of 72 years or olden Number of patients at risk are 
indicated below the curves. (- - -) expected survival; ( - -)  observed 
survival. 
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operative mortality for these patients was similar to 
that in previous reports on both ruptured aneurysms 
and impending rupture. ~°'11 Patients older than 80 
years at the time of operation experienced no worse 
results compared to the younger ones, a finding also 
reported by others. 6 Consequently, an aggressive 
surgical approach to old patients with ruptured 
abdominal aortic aneurysms seems justified. 
In a study of long-term survival, the patients 
suffering operative deaths hould be excluded before 
the survival analysis is performed. Thus avoiding 
falsely elevated survival rates for the population 
investigated. The error becomes more crucial when 
operative mortality is high, as it is for patients 
operated on for ruptured abdominal aortic aneu- 
rysms~ This effect is due to the more modest descent in 
the Kaplan-Meier curve caused by each responder (i.e. 
death). Additionally, it appears logical to investigate 
operative mortality and long-term survival separately 
when the results after emergency abdominal aortic 
aneurysm operations are reviewed. 
Long-term survival close to that of a demographi- 
cally matched population for patients operated on for 
symptomatic orruptured abdominal aortic aneurysms 
has been reported by several authors, '12 The healthier 
individuals tend to survive the rupture and the 
subsequent operation and such a selection is probably 
the reason why these patients have improved relative 
survival compared to those going through elective 
operations. This latter group has been found to have a 
mortality 30% above the expected level. 13 The survival 
analysis in the present study apparently confirms the 
similar observed and expected long-term survival. 
However, for the younger patients urvival seems to 
be considerably reduced compared to that which was 
expected, and mortality was raised by more than twice 
that of an age and sex matched population. This age 
dependent disparity in relative survival following 
successful surgery for symptomatic abdominal aortic 
aneurysms has, to our experience, not been quantified 
in the previous literature. 
Despite~ an average age difference of almost 13 years 
between the younger and older patient groups in this 
material, no statistically significant different long-term 
survival was observed. A similar observation was 
made by Appelberg et al., although survival analyses 
were not performed. 14The same tendency was even 
reported by Vohra et alJ 5 The discrepancy in relative 
survival between the two age groups is explained by 
the higher expected mortality rate for the older 
patients. Consequently, the younger patients experi- 
ence significantly restricted relative long-term sur- 
vival caused by their atherosclerotic disease, in this 
case represented by a symptomatic aortic aneurysm. 
However, due to a high average age for the whole 
group, patients operated on for symptomatic aneu- 
rysms experience a survival rate close to that of an age 
and sex matched population. 
In conclusion, operative and long-term results 
following emergency operations for abdominal aortic 
aneurysm justify this surgical procedure, even for 
patients in the eighties. The older patient group show 
long-term survival close to the expected, while 
younger patients experience a restricted long-term 
survival with a mortality rate about twice that of an 
age and sex matched population. Apparently long- 
term survival is not influenced by age at the time of 
the operation for patients operated on for sympto- 
matic or ruptured abdominal aortic aneurysm. 
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Fig. 3. Six-year observed and expected survival for successfully 
operated patients younger than 72 years. Number of patients at risk 
are indicated below the curves. ( - - - )  expected survival; ( - - )  
observed survival. 
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